1. INTRODUCTION {#sec1-1}
===============

Electroencephalography (EEG) is important supplementary examination method in the investigation of neurological disorders, primarily epilepsies. Abnormal EEG findings include ictal patterns (observed during an epileptic ictal event), interictal epileptiform activity (observed in-between seizures) and non-epileptiform abnormalities ([@ref1]). In management of children with epilepsies ictal EEG would be preferable, since it can provide various data about localization and spreading of epileptic discharges, but in real life routine diagnostics and follow up of these patients it is usually difficult to obtain. That is why we relay mainly on interictal EEGs. Interictal epileptiform activities, characterized by the presence of spikes and sharp waves, in combination or not with slow waves are strongly associated with epilepsy. The interictal EEG serves several purposes that can aid in diagnosing epilepsy and can be examined for a specific epileptiform abnormality, the interictal spike or sharp wave. These discharges may be either generalized or focal in distribution and interictal EEG helps classify whether a focal or generalized seizure disorder is present ([@ref2]). EEG does not provide sufficient specificity to determine the etiology of the brain dysfunction, so our best tool for that is magnetic resonance imaging (MRI).

Bilateral brain lesions, as interpreted by MRI, are common finding in children. Etiology of these changes is different, probably most of these findings, especially if found in thalamus and basal ganglia, are result of perinatal events, such as birth asphyxia, but can be also part of prenatal infections, and hereditary degenerative neurometabolic disorders etc. Antepartum events have been associated with fetal brain injury and may contribute to later neurological sequelae ([@ref3]) such as seizures. Acute and progressive brain disorders can result in bilateral symmetrical brain lesions, as seen on MRI. Primary acute causes include hypoxic-ischemic injury, infection, autoimmune disorders and toxic encephalopathy. Subacute or progressive pathologies are usually neurodegenerative and/or metabolic in nature ([@ref4]).

Those lesions are often periventricular, which can be result of periventricular leukomalacia, especially in preterm children ([@ref5]), with consequent dilatation of lateral ventricles as seen in older children. Bilateral periventricular white matter changes are often finding ([@ref6]). The typical MRI pattern in such lesions is distribution of hyperintensity in the ventrolateral thalamus and the posterior part of nucleus lentiformis.

Aim of this study is to assess relationship between interictal EEG findings in children with newly diagnosed epilepsy and bilateral brain MRI lesions as seen on MRI.

2. MATERIALS AND METHODS {#sec1-2}
========================

This survey assessed the population of patients aged from 1 month to 18 years of age, who were diagnosed as epilepsy or some of the epileptic syndromes according to International Classification of Diseases (ICD-10) code G40 ([@ref7]), using criteria set by International League Against Epilepsy--ILAE ([@ref8],[@ref9]), in four year period 2011--2014. The diagnosis was made at Neuropediatric Department, Pediatric Hospital, University Clinical Center Sarajevo, or its outpatient clinic. Out of investigated patients with epilepsy, 68 fulfilled criteria for inclusion in the study, age, newly diagnosed epilepsy, bilaterally localized lesion on MRI that was done within 6 months of diagnosis of epilepsy.

Each child had physical and neurological examination, done according to age of a child; we assessed mental status, motor function and balance, sensorium, newborn and infant reflexes in children less than 1 year, muscle stretch reflexes and cranial nerves examination according to age of a child. Examinations were done by child neurologists with special expertise in epilepsy.

Each child had an standard MRI scan with at least T1 and T2, sequences performed at the time of establishing diagnosis of epilepsy, or within the period of 6 months. MRI scans was done by 1.5 or 3.0 Tesla units scanner. Trained neuroradiologists interpreted results of brain MRI by visual analysis.

EEGs were done intericataly with electrodes positioned on scalp according to international 10~˜~20 system, on Deymed TrueScan, and Schwarzer neurology systems, using 21 channel system, and reformatting to standard montages. EEG registrations were done as awake routine (20-30 minutes of registration), sleep routine (30-45 minutes), and sleep deprivation (30-45 minutes after at least 6 hours of night sleep deprivation). Children with normal finding on initial EEG registration had repeated registrations; those who had persistent normal findings had serial EEG registrations. The EEG was interpreted by three consultant child neurologist that are authors, trained and experienced in electrophysiological studies.

For statistical purposes interictal scalp EEG findings were classified as normal, non specifically changed (non-specific slowing), bilateral, unilateral epileptic discharges, or hypsarrhythmia. Bilateral epileptic discharges on EEG with clear predomination on one side were classified as unilateral, as well as clear focal discharges, while generalized, semi generalized and synchronous bilateral discharges without clear predomination on one side were classified as bilateral discharges.

Upon completion of survey, data were analyzed with standard statistical methods using MS Excel (Microsoft Office Excel 2010) and SPSS for statistical analysis (Statistical Package for Social Sciences, SPSS Inc., Chicago, Illinois, USA), version 22.0. Descriptive statistics and chi-square test were used as a measure of relationship, and data were found to be statistically significant at the level of p\<0.05. The results are presented in tables and graphs.

3. RESULTS {#sec1-3}
==========

Our investigated sample consisted of 68 patients. There were 33 (48,5%) female children and 35 (51,5%) male. Average age at diagnosis of epilepsy was 3,56 years (std. dev. 3.941, age range 3 months to 17 years, median 2 years). Age distribution at diagnosis of epilepsy is shown on [Figure 1](#F1){ref-type="fig"}.
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Both neurological and neuropsychological examination in the moment of making diagnosis of epilepsy was normal in 27 (39,7%) patients, and showed some kind of delay or other neurological finding in 41 (60,3%).

EEG findings at diagnosis of epilepsy in selected group of patients with bilateral brain MRI lesions are shown on [Figure 2](#F2){ref-type="fig"}.
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Frequency of bilateral epileptic discharges showed statistically significant predominance over other types on level of p\<0,05.

Neuroradiologists described several types of bilateral MRI lesions in patients with newly diagnosed epilepsies, and their frequencies are shown on [Table 1](#T1){ref-type="table"}.

###### 

Type of bilateral MRI lesions in selected group of patients
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When we compared results of EEG findings with type of brain MRI bilateral lesions we got data that are shown on [Table 2](#T2){ref-type="table"}.

###### 

MRI results versus EEG findings, cross tabulation
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There was no significant correlation between above values (p=0,09).

4. DISCUSSION {#sec1-4}
=============

Epileptic seizures are the most frequent manifestation of neurological impairment in the pediatric population. Diagnosis of epilepsy is based on them, and is supplemented with EEG recording, which can help us in seizure classification and establishing epilepsy syndrome, since each antiepileptic drug has relative specificity for clinical and EEG seizure patterns. Brain MRI can help us in establishing etiological diagnosis of epilepsy, as well as providing prognostic information, and directing treatment in children with recently diagnosed epilepsy. In our study we wanted to assess relationship between interictal EEG findings in children with newly diagnosed epilepsy and bilateral brain MRI lesions as seen on MRI.

Our sample consisted of 68 patients aged from 3 months to 17 years, with average age of diagnosis of epilepsy around 3,5 years, and almost equal gender distribution, which was something that we expected, but we must emphasize that mean age at diagnosis was much younger than in some other studies ([@ref10]) which did not have selected sample of children with bilateral MRI lesions at time of diagnosis of epilepsy. We assume that this type of brain lesions that was inclusion criterion in our study is probably manifested earlier in the life of children with seizures, since most of them had brain lesion prenataly.

In our sample some kind of neurodevelopmental delay or other neurological finding was present in 60% of patients which was quite high, and among those were children with mild, as well as severe clinical manifestations. Some studies have found that female gender, early onset, longer duration and abnormal interictal EEG have a negative effect on neuropsychological performance in children with temporal lobe epilepsy, an that children with early-onset epilepsy should be assessed carefully for neuropsychological impairment using sufficiently broad batteries of tests in order to detect even slight deficits ([@ref11]).

Bilateral lesions seen on brain MRI often originate from prenatal period. They are associated with lower potential for functional plasticity and with worse outcome than unilateral brain lesions ([@ref12]). Bilateral hemispheric lesions in early periods of development are commonly associated with epilepsy and represent one of the major neuropathologic conditions acquired in the pre- and perinatal periods ([@ref13]). Most common types of lesions found in our study were delayed myelination, posthypoxic changes, ventricular dilation and brain atrophy. They were probably in largest extent part of prenatal and perinatal events, and are supporting Volpe's notion. It is also well known that bilateral brain lesions may be induced by seizure activity, especially in cortical/subcortical regions, basal ganglia, white matter, corpus callosum, cerebellum and hippocampus ([@ref14]) and are reversible in some cases, but we think that brain lesions in our group of patients, since they were newly diagnosed epilepsy could be part of this process only in small number of cases. This also has to be further investigated because some of recent studies are claiming that a single or a cluster of seizures cannot only induce transient, variably reversible MRI brain abnormalities, but also irreversible changes ([@ref15]).

It would be expected that EEG changes in patients with such brain lesions should mainly be bilateral, and in our study 55,9% of patients had bilateral epileptiform discharges on interictal EEG recordings. That means that, together with 4 of 6 patients with nonspecific slowing on interictal EEG and six patients with hypsarrhythmia, about seventy percent of cases in our group were having bilateral interictal changes on EEG. Explanation for more than a quarter of patients in our group with clearly focal EEG abnormalities can be found in fact that certain patients diagnosed initially as having primary generalized tonic-clonic seizures with no clinical or EEG findings to indicate focal onset can develop to focal at a later time, fact that indicates need for periodic reassessment of seizure patients, especially if seizures remain frequent ([@ref16]). Also, it must be emphasized that it would be hard to assume that all bilateral brain abnormalities seen on MRI have epileptogenic potentials, and probably some of MRI findings in our group are not really a cause of epilepsy in certain patient, but are coincidental. For instance, delayed myelination as a cause of epilepsy is often described in patients with metabolic diseases ([@ref17]), and we had patients without signs of neurometabolic disease. Children younger than 2 years require special sequences at MRI, as immature myelination affects the ability to identify common causes of epilepsy ([@ref18]), which can also show variation in interictal EEG findings. For all of those cases we think that further investigation of etiology of epileptiform discharges is needed, especially in cases of resistance to antiepileptic drugs, and exploring possibilities of epilepsy surgery. In our study we were not able to establish statistically significant relationship between certain type of bilateral brain MRI changes and characteristic EEG finding.

5. CONCLUSION {#sec1-5}
=============

Our data are showing that there exists relationship between bilaterally localized brain MRI lesions and interictal bilateral epileptiform or nonspecific EEG findings in children with newly diagnosed epilepsies. These data are suggesting that in cases when they do not correlate there is a need for further investigation of seizure etiology, as well as possibilities for epilepsy surgery in patients with seizures refractory to antiepileptic drugs therapy.
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